characteristics or access to health services. School attendance might, however, also be associated with household wealth and analyses should take account of this.
We investigated the association between school attendance, HIV infection and other outcome variables representing high HIV risk among unmarried 14-25-year-old individuals in rural South Africa.
We hypothesised that school attendance would be associated with lower HIV prevalence and lower-risk sexual behaviour and explored evidence for the mechanisms through which associations might be mediated.
METHODS

Setting
The study was conducted in 2001 in eight villages purposively selected for inclusion in a clusterrandomised trial of a social intervention in the rural Limpopo province of South Africa. 18 19 Poverty remains widespread in the study area, 20 unemployment rates exceed 40%, 21 and there are high levels of labour migration. 22 HIV prevalence among antenatal clinic attenders in the region was 13 .2% in 2000.
There was at least one primary and one secondary school in all but one of the study villages.
School fees averaged USA$20 per year. Secondary school attendance beyond the age of 18 years was common. School-based programmes aimed at improving the sexual health of young people were, however, poorly developed at the time of the study.
Data collection
Two hundred households were randomly selected within each village, and unmarried individuals aged 14-25 years recorded as household members were eligible for inclusion in the current analysis. Married individuals were excluded because marriage was rare, particularly among young men, and because married individuals rarely continue to attend school. Both individuals currently sleeping in and away from the home were eligible. Dwellings were visited at least three times when necessary to interview eligible respondents. Of 2486 individuals aged 14-25 years that had never been married, 1919 were successfully interviewed (77.2%; 916 men, 1003 women). Individuals were not included in the final sample because of inability to interview after repeated household visits (n = 311), refusal (n = 73), missing data (n = 61) and other reasons (n = 122).
After a witnessed verbal consent procedure, data were collected through face-to-face structured interviews conducted in the local language (Sepedi). Interviews were conducted in a safe location chosen by the respondent and stressed confidentiality and the importance of honest reporting. 23
Questionnaires investigated education, employment, HIV awareness and sexual behaviour, including details of up to three sexual partners during the previous year. A participatory wealth-ranking exercise identified households considered ''very poor''. 24
After a second witnessed verbal consent procedure, oral fluid samples were collected using the OraSure collection device (UCB Group, Belgium) and analysed using the Vironostika HIV Uni-Form II assay (bioMerieux, France). Data from one interviewer raised quality concerns and were excluded (n = 125, 7.6%). In addition, some samples (n = 598, 36.4%) were stored for longer than recommended by the manufacturer before analysis. Sensitivity analysis suggested little impact of this on the estimate of effect although confidence intervals were wider as a result of the smaller sample size; these samples were included. HIV test results were thus available for 1518 individuals (709 men and 809 women, 61.1% of those eligible). The major additional reasons for no HIV test result being available were refusal to provide an oral fluid sample (n = 235) or other reasons (n = 41).
Statistical analysis
Statistical analysis was conducted using Stata version 9 (Stata Corp., College Station, Texas, USA).
Analyses were stratified by sex because the causal pathway between educational attainment and HIV risk may differ. A series of logistic regression analyses were undertaken to investigate the association between student status and a set of outcome variables (sexual behaviours associated with high HIV risk and HIV serostatus). Outcome variables denoting high HIV risk were developed in line with preceding literature that has identified characteristics associated with the risk of HIV infection including psychosocial attributes, power dynamics within relationships and levels and characteristics of sexual activity. 25 Outcome variables were coded binary, with characteristics theoretically associated with an increased risk of HIV infection coded '1'. When data were naturally continuous, cut-offs were applied (see details below). Outcome variables included: an indicator of lack of knowledge about HIV based on two questions (Do you think that a healthy-looking person can be infected with HIV, the virus that transmit the virus to her unborn child?); lack of communication in the household about sex/sexuality; never having had an HIV test; ever having had sex; a high total lifetime number of sexual partners (more than three for men, more than two for women, reflecting the greater number of men reporting multiple partners); and having had more than one sexual partner during the past year. Among those previously sexually active, highrisk characteristics were first sexual encounter not being wanted and remaining sexually active during the past year. Childbirth was an outcome variable considered a proxy for unprotected sex among women. High-risk characteristics of sexual partnerships were those in which: sex had occurred more frequently (more than five times in past year); the sexual partner was older for women (male partner more than three years older) or of similar age for men (less than three years younger); only the male partner was perceived to be providing resources in the relation-ship; and condoms had not been used during the past year or at last sex. The final outcome variable was prevalent HIV infection.
Logistic regression was used to estimate the magnitude of association between attendance at school or college (''students'') and the high HIV risk outcome variables. ''Non-students''
were grouped together as the comparison group for the analysis, including individuals who were unemployed, self-employed or employed. This approach was taken because the study sought to compare the experience of students with their peers not attending school. Furthermore, full-time employment was rare so statistical power to detect differences specifically among this group was low. Robust standard errors were computed to take account of intrahousehold clustering. 26
Adjustment was made for explanatory variables considered a priori to be potential confounders. These variables included age (included in model 1), and village of residence, number of co-resident young people, residence in village of birth and parental status, as well as household wealth and temporary migrancy (all included in model 2). Adjustment was not made for factors on the causal pathway. 27
Childbirth may lead young women to leave school, and thus act as a confounder. It might, however, also be conceptualised as on the causal pathway between school attendance and HIV risk because it is indicative of high-risk sexual behaviour. Consequently, among women effect estimates were additionally calculated after adjustment for previously having had a child (model 3). Likelihood ratio tests comparing models without the use of robust standard errors were used to explore effect modification by age group (14-19 and 20-25 years).
The trial design was approved by ethical review committees at the University of the Witwatersrand (South Africa) and the London School of Hygiene and Tropical Medicine (UK).
RESULTS
More eligible women than men were successfully interviewed (80.8% versus 73.6%; p<0.01). Among both sexes, those interviewed were significantly more likely to be aged [14] [15] [16] [17] [18] [19] -based public health policy and practice The remaining 288 men and 380 women were not students. These individuals were most often unemployed and looking for a job (n = 178, 61.8% among men; n = 306, 80.5% among women).
Some had irregular work over the past year (35 men, 23 women), were self-employed (13 men, 15
women) or were unwilling or unable to work (13 men, 11 women). Some 49 men (17.0%) and 25 women (6.6%) had regular contract or salaried employment during the past year. The proportion of those not attending school who were employed increased significantly with age among women (test for trend p = 0.02) and non-significantly among men (p = 0.20).
Evidence-based public health policy and practice Just three men and five women reported that they had not attended school at all. Most individuals had attended secondary school. The proportion who had completed secondary school, however, including those who had also attended university or vocational training college, was low (90 men, 9.8%; 94 women, 9.4%), but was highest among the oldest age group.
HIV risk characteristics
Among both sexes, lack of knowledge about HIV was wide-spread (57.8% men, 55.9% women). (women) of sexual partnerships. Sexual partnerships reported by young women usually involved men who were older than them (median 4 years older, interquartile range 2-7 years) and who they perceived to be providing them with resources (71.7%), whereas young men reported partner-ships with women who were of similar age or younger (median 2 years younger, interquartile range 1-4 years). HIV prevalence was 3.4% among men and 9.8% among women, increasing over the age range (fig 1) .
School attendance and HIV-risk characteristics Men
After adjustment for age and other confounding factors, HIV knowledge, communication and testing were more likely to be reported by students than non-students, although none of these associations was statistically significant (table 2) . Having had more than three lifetime sexual partners and having had sex with more than one partner in the past year were both significantly less commonly reported by students. Ever having had sexual intercourse, unwanted sex at debut and secondary abstinence among those previously sexually active were not significantly associated with school attendance.
Partnerships characterised by male-to-female resource exchange were less commonly reported by students (table 2) . There was some evidence that partnerships in which sexual intercourse had occurred more than five times in the past year were less commonly reported by students, although this did not reach statistical significance. Students were significantly less likely to be HIV positive than nonstudents. There was little evidence of age interaction for any outcomes.
Women
Among women, HIV knowledge and testing were not asso-ciated with school/college attendance, although lack of house-hold communication about sex/sexuality was more common among female students with borderline significance before adjustment for childbirth (table 3) .
Without adjustment for childbirth, students were significantly less likely ever to have had sex. This effect was, however, almost entirely removed after adjustment for ever having had a child. Students were less likely to report more than two partners during their lifetime than non-students, even after adjustment for previous childbirth. Students were also less likely to have had a child. This effect was particularly strong among the younger group but was also significant in the older group (likelihood ratio test p<0.01).
Sexual partnerships reported by students were significantly less likely to be characterised by a high frequency of sexual activity than non-students (table 3) . Students were significantly less likely to report partnerships characterised by the man being more than three years older than the woman or to report never having used a condom during the past year. Condom use at last sex was more commonly reported by students. After adjustment for age there was little evidence of an association between school attendance and prevalent HIV infection among women. There was little evidence of age interaction for any characteristics other than previous childbirth.
DISCUSSION
In this study, male students were less likely to be HIV positive than their peers not attending school.
Among young women there was less evidence of an association. For both sexes, attending school was associated with having fewer sexual partners. In addition, female students in relationships had sex less often, had partners closer in age to themselves and used condoms more often than nonstudents.
The strengths of the study included the use of best-practice techniques to collect sexual behaviour data and ensure a high response rate. Focusing on young people also has methodological advantages.
HIV infection is likely to have occurred recently, allowing the association with current school atten-dance to be assessed with greater confidence. Biases associated with AIDS-related mortality will be limited. Nevertheless, the study had limitations. The cross-sectional data meant it was not possible to determine the temporality of recorded events. This was particularly an issue among young women, for whom childbearing is an important reason for leaving school early. 28
Most associations between school attendance and risk characteristics among young women were, however, seen after adjustment for childbirth, which might also have given ''over-adjusted'' results because this factor may be on the causal pathway. Further limitations were the remaining potential for misreported outcomes and the use of multiple statistical tests, increasing the probability that some significant associations arose by chance.
The results suggest mechanisms by which there may be a protective effect of school attendance on HIV risk. Those in school did not seem to have greater access to HIV prevention materials. Life skills and sexual health education within schools across South Africa was poorly developed at the time of the study. 29 There was little evidence that school attendance was associated with better HIV knowledge, the use of testing services or communication.
School attendance may, however, reduce HIV risk through affecting sexual network structure. 30 This study reports lower numbers of partners for both young men and young women attending school.
Furthermore, young women attending school were less likely to have an older male partner than those out of school, had sex less often and were more likely to use condoms. Wide age differences between partners can be a risk factor for HIV infection among young women, contributing to their higher prevalence of infection than young men, 31-34 alongside biological mechanisms. should examine the influence of school attendance on psychosocial attributes, the size and structure of sexual networks and characteristics of sexual behaviour that can influence HIV risk.
